Characterization and antimicrobial susceptibility of Clostridium difficile strains isolated from adult patients with diarrhoea hospitalized in two university hospitals in Poland, 2004Poland, -2006 . The predominant PCR ribotype in hospitals H1 and H2 was type 017 and accounted for 48.3 and 40.0 %, respectively. Only one PCR ribotype 027 strain was found. The rates of resistance to erythromycin and clindamycin in hospitals H1 and H2 were 53.6 and 53.6 %, and 48.6 and 47.5 %, respectively, whereas resistance rates to the newer fluoroquinolones gatifloxacin and moxifloxacin were 38.5 and 38.5 % (H1) and 38.4 and 40.1 % (H2). Erythromycin resistance was frequently associated with resistance to clindamycin and newer fluoroquinolones in strains belonging to type 017. No metronidazole-and vancomycin-resistant isolates were found, although two C. difficile isolates had elevated MIC values of metronidazole (MIC range 1.0"1.5 mg l ). In conclusion, an increase in non-027 CDT-producing C. difficile strains was observed in Poland, but C. difficile PCR ribotype 017 remains a major circulating type.
INTRODUCTION
Clostridium difficile is a major cause of antibioticassociated diarrhoea in hospitalized patients (Freeman et al., 2010) . Toxigenic isolates usually produce two toxins: toxin A (A) and toxin B (B). A 2 B + strains do not produce detectable amounts of toxin A due to a deletion in the repeating sequence of the tcdA gene encoding the toxin (Kato et al., 1998) . Some C. difficile strains produce a third additional toxin, called C. difficile binary toxin (CDT), which can enhance the attachment of C. difficile to intestinal epithelial cells (Schwan et al., 2009) . Since 2003, outbreaks of C. difficile infection (CDI) due to an emerging strain of PCR ribotype 027 possessing CDT and resistant to erythromycin and/or clindamycin and newer fluoroquinolones have been reported in North America and Europe (Loo et al., 2005; Kuijper et al., 2008; Clements et al., 2010) . This strain has a point mutation in tcdC, a putative negative regulator of toxins A and B (Spigaglia & Mastrantonio, 2002; McDonald et al., 2005) .
The most commonly used drugs for the treatment of CDI are metronidazole and vancomycin. However, some C. diffficile isolates have elevated MICs for metronidazole (MIC 32 mg l 21 ) and vancomycin (MIC 16 mg l 21 ) (Peláez et al., 2002) , although the clinical significance is not clear yet.
The aim of this study was to characterize 330 C. difficile strains isolated from adult patients with diarrhoea hospitalized in two university hospitals over the period [2004] [2005] [2006] . Additionally, MICs of nine different antimicrobial agents were determined.
METHODS
Hospitals. Two university-associated hospitals with regional and national reference functions for specialized care participated in this surveillance study. The hospitals are located in Warsaw, Poland: the Infant Jesus Teaching Hospital, assigned as H1 (n5675 beds; 12 clinics), and the Public Hospital of the Medical University of Warsaw, assigned as H2 (n51177 beds; 16 clinics). Only faeces samples were included from patients with diarrhoea from whom the physician requested a diagnostic test for CDI. Diagnosis of CDI was based on a positive stool ELISA result using the C. difficile TOX A/B II kit (TechLab) for detection of toxin A and/or toxin B and on the isolation of toxigenic C. difficile strains over the period 2004-2006. Micro-organisms. A total of 330 clinical C. difficile strains isolated from patients hospitalized between 2004 and 2006 in hospitals H1 (n5153) and H2 (n5177) were available for detailed characterization. In hospital H1, isolates were obtained from the following wards: general surgery (n539), internal medicine (n535), transplantation (n533), orthopaedics (n512), intensive care (n510), urology (n59), dermatology (n56), gynaecology (n51) and several other wards (n58). In hospital H2, isolates were obtained from the following wards: haematology (n555), gastrointestinal surgery (n530), neurology (n516), nephrology (n514), vascular surgery (n510), general surgery (n57), neurosurgery (n57), internal medicine (n55), haematological intensive care (n55), cardiac surgery (n54), endocrinology (n54), pulmonology (n54), dialysis (n52), thoracic surgery (n52), neurological intensive care (n51), cardiology (n51) and several other wards (n510). All isolates were stored at 270 uC and were sent to the Department of Medical Microbiology (hospital H1) for further characterization and determination of susceptibility to nine antimicrobial agents. Isolation of C. difficile was performed on selective Columbia agar supplemented with cycloserine/cefoxitin and amphotericin B (CLO medium; bioMérieux). The plates were incubated in an anaerobic chamber for 48 h at 37 uC. Determination of toxin genes. PCRs to detect the tcdA and tcdB genes and deletions in the tcdA gene were conducted as described previously (Pituch et al., 2006) . Primers described by Stubbs et al. (2000) were used for amplification of the CDT genes cdtA and cdtB, as described previously (Pituch et al., 2006) . Amplification and sequencing of the tcdC gene was also performed to investigate the presence of deletions in this gene. 
CDT
2 isolates (n5144) were typed by PCR ribotyping as described by Stubbs et al. (1999) . Banding patterns were compared with those of the library of PCR ribotypes at the Anaerobe Reference Laboratory, Cardiff, UK.
Antimicrobial drug susceptibility testing. MICs of a panel of seven antimicrobial drugs were determined against the 330 C. difficile isolates using Etest strips (AB Biodisk) with exponential gradients of antimicrobial concentrations of 0.016-256.0 mg l 21 : erythromycin, clindamycin, metronidazole, vancomycin, ciprofloxacin, gatifloxacin and moxifloxacin. In addition, 100 randomly selected C. difficile isolates from hospital H1 and 164 from hospital H2 were tested against imipenem (0.002-32.0 mg l 21 ), and 100 isolates from H1 and 133 from H2 were tested against tetracycline (0.002-32.0 mg l 21 ). Cultures were adjusted to an OD 950 of 1 (using a bioMérieux ATB1550 densitometer) on the McFarland scale, and streaked and grown to confluency on the surface of Brucella agar plates. Plastic strips with the antibiotics were applied and the plates were incubated anaerobically at 37 uC for 48 h. for imipenem and tetracycline. Quality-control strains (Bacteroides fragilis NCTC 11295, Bacteroides thetaiotaomicron ATCC 29741, Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 25923) were always included. A 688 bp fragment of the ermB gene for erythromycin resistance was amplified using specific primer pairs 2980 (59-AATAAGTAAACAGGTAACGTT-39) and 2981 (59-GCTCCTTGGAAGCTGTCAGTAG-39) (Johnson et al., 1999 
Antimicrobial susceptibility
Overall, the C. difficile isolates showed some resistance to seven of the nine antimicrobial agents tested (Tables 2 and  3 . Of the two isolates with elevated MICs for metronidazole, one isolate originated from the dermatology ward (H1) and one from the haematology ward (H2). Six of the C. difficile isolates with elevated MICs for vancomycin originated from patients hospitalized in H1 in surgery (n53), dermatology (n52) and cardiology intensive care (n51), whilst the remaining nine isolates were obtained from patients hospitalized in H2 in nephrology (n52), vascular surgery (n52), internal medicine (n51), haematology (n51), gastrointestinal surgery (n51), neurosurgery (n51) and general surgery (n51). In total, 163 (49.4 %) of the 330 C. difficile isolates were cross-resistant to erythromycin and clindamycin. Of these, 52.3 % (n580) were from H1 and 46.9 % (n583) were from H2. Among the A 2 B + CDT 2 C. difficile strains isolated in H1 and H2, 68 (91.9 %) and 63 strains (90.0 %), respectively, were cross-resistant to erythromycin and clindamycin and harboured the ermB gene. Among the 330 C. difficile strains, 324 (98.2 %) revealed resistance to ciprofloxacin. Resistance to both gatifloxacin and moxifloxacin was found in 134 (40.6 %) and 134 (40.6 %) isolates from H1 and H2. Among strains isolated in H1 and H2, 72.0 and 74.4 % were resistant to imipenem, respectively, and~23 % (76 isolates) were resistant to tetracycline in both hospitals. Resistance to imipenem (MICs ¢16 mg l
21
) was observed among all the CDT + C. difficile strains belonging to ribotypes 023, 027 and 045. Of the A 2 B + CDT 2 C. difficile strains (PCR ribotype 017), 86.8 % were resistant to imipenem. Only one cdtA/ cdtB-positive isolate belonging to PCR ribotype 027 (in H2) was found; this strain was resistant to erythromycin and clindamycin and also to moxifloxacin and gatifloxacin. Multidrug resistance to erythromycin, clindamycin, ciprofloxacin, gatifloxacin and moxifloxacin was detected in 34.6 and 33.8 % of C. difficile strains in H1 and H2, respectively.
DISCUSSION
In a previous study conducted between 2002 and 2003 in Poland, we analysed 79 C. difficile strains isolated over a 2-year period from 785 adult patients with antibioticassociated diarrhoea hospitalized in one university hospital in Warsaw (Pituch et al., 2006) . Among the strains investigated in that study, 44.3 % were A + B + CDT 2 , 45.5 % were A 2 B + CDT 2 , 1.3 % were A + B + CDT + and 8.9 % were A 2 B 2 CDT 2 (Pituch et al., 2006) . During the 2-year study period, one outbreak of CDI cases caused by a C. difficile PCR ribotype 017 strain occurred among 12 patients at the internal unit. The findings of the present study confirm the high prevalence of A 2 B + CDT 2 isolates in some hospitals in Warsaw and emphasize the significance of A 2 strains (Pituch et al., 2007) . Outbreaks due to PCR ribotype 017 were also observed in the present survey at an internal unit (between January 2005 and May 2005 involving seven patients) and at a surgery unit (between February 2006 and March 2006 involving seven patients). Most A 2 B + C. difficile isolates belong to ribotype 017, which is found more frequently in Asia than in some other continents (Shin et al., 2008; Huang et al., 2009) . However, outbreaks of PCR ribotype 017 have also been reported from other continents and PCR ribotype 017 has a tendency to persist for a long time in hospitals (Arvand et al., 2009; Goorhuis et al., 2009 ).
In the current study, an increase of A + B + CDT + isolates was observed from 1.3 % in 2003 to 5.5 % in 2006. The PCR ribotypes involved were 023 (n516) and 045 (n51). C. difficile PCR ribotype 023 is not frequently found and was present in only 3 % of all isolates characterized in a recent pan-European survey (Bauer et al., 2011) . A similar trend of an increase in CDT + C. difficile strains has been found in Hungary (Terhes et al., 2009) Epidemiological surveys suggest a spread of C. difficile PCR ribotype 027 across North America and Europe . However, a recently completed pan-European surveillance study revealed that the prevalence of PCR ribotype 027 was only 5 % and was restricted mainly to the UK (Bauer et al., 2011) . In Poland, we found a 0.3 % prevalence of ribotype 027. Barbut et al. (2007) observed a low prevalence of PCR ribotype 027 of 6.2 % in 2005 in a European survey.
The antibiotic susceptibility of 330 C. difficile strains was tested against nine antibiotics. All strains were susceptible to metronidazole and vancomycin (according to CLSI breakpoints). In a recent published study performed in the UK, 24.4 % of C. difficile ribotype 001 isolates had reduced susceptibility to metronidazole of ¢6 mg l
21
, measured by a spiral-gradient end-point screening method (Baines et al., 2008) , although the MIC values remained below the CLSI breakpoint. Other reports from the UK also mention higher MIC values for metronidazole of 1-2 mg l 21 (Burns et al., 2007; Brazier et al., 2008) . Clinical breakpoints of metronidazole have not yet been determined, although it is likely that the currently applied CLSI breakpoint of 32 mg l 21 is too high. Our observation of elevated MIC values for and A 2 B 2 CDT 2 strains (7 and 2.1 %, respectively), which confirmed our previous observations (Pituch et al., 2006 (Pituch et al., , 2007 . Ilchmann et al. (2010) , in a study performed in Germany, documented a significant increase from 13.0 to 54.8 % of erythromycin-and clindamycin-resistant C. difficile strains belonging to PCR ribotype 001 (Ilchmann et al., 2010) . Rates of resistance to erythromycin, clindamycin and moxifloxacin among strains isolated in 2006-2008 in Hungary were 25, 27.5 and 25 %, respectively (Terhes et al., 2009 ).
In our study, resistance to newer fluoroquinolones was found in 38.9 % of the isolates. Resistance to newer fluoroquinolones has been described not only in the hypervirulent strain 027 but also in other emerging PCR ribotypes circulating in hospital settings (Pituch et al., 2007; Spigaglia et al., 2010) . In a European prospective study conducted in 2005, strains resistant to moxifloxacin represented 37.5 % of all C. difficile clinical isolates and the majority of the fluoroquinolone-resistant isolates belonged to PCR ribotype 126 or 018 (Barbut et al., 2007) . In our study, combined resistance to erythromycin, clindamycin, gatifloxacin and moxifloxacin was associated with isolates belonging to PCR ribotype 017. Thus, this multiresistant PCR ribotype 017 still dominates in our hospitals.
